Abstract: Parallel femtosecond laser fabrication of three-dimensional photonic crystals using the dynamic laser printing technique is demonstrated. Combining a spatial light modulator with a versatile direct laser writing setup, the dynamic laser printing system is able to produce twodimensional spot arrays in a single shot. High quality three-dimensional polymeric photonic crystals with 90% void uniformity and 60% suppression in transmission were generated. This technique dramatically reduces the fabrication time by two orders of magnitude, compared with the direct laser writing technique. 220.4241, 160.5470, 160.4760, 300.6340, 140.7090 
Instruction
Femtosecond (FS) laser processing provides high spatial resolution and results in reduced thermal destruction of a target because of the ultra-short interaction time between the laser pulse and the material. However, due to the beam focusing nature of this technique, the speed of fabrication is limited by the scanning stage or other light steering devices. Dynamic laser printing (DLP) developed from the direct laser writing (DLW) technique makes use of a fully dynamic spatial light modulator (SLM) and is able to produce large-scale two dimensional (2D) arrays with single exposure thus leaping the fabrication speed remarkably. In the mean time it maintains the versatility of the DLW, which is able to produce arbitrary patterns. In this paper, using a DLP system we demonstrate high-quality 2D void array with 90% uniformity. Through scanning in the optical axis direction, we also fabricated threedimensional (3D) photonic crystals (PhCs). Due to the high uniformity of each void, the formed 3D PhCs present scalable stop gaps with more than 60% suppression in transmission.
Calculation and experiments 2.1. DLP fabrication system
The schematic of the DLP nanofabrication system is shown in Fig. 1 . The femtosecond laser beam (SpectroPhysics, 1 KHz, 120 fs, 800 nm) is expended and illuminates on a SLM (Holoeye Pluto). Through a 4f imaging system, the phase patterns from the SLM are transferred to the back aperture of an objective (Olympus, 100×, 1.40 NA, oil immersion). The desired spot array patterns can be generated at the front focal plane of the objective. 
Mathematical generation of phase patterns and theoretical simulations
The phase patterns of the SLM were calculated via the Gerchberg-Saxton Algorithm [1] . The designed spot array image pattern with 200 spots is shown in Fig. 2(a) and the calculated phase pattern of the spot array is shown in Fig.   a3409_1 .pdf OSA / CLEO/QELS 2010
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978-1-55752-890-2/10/$26.00 ©2010 IEEE 2(b). As a high NA objective was used in our system, the vectorial Debye theory [2] was used to simulate the intensity distribution at the focal plane of the objective which is shown in Fig. 2(c) . 
Generation of 2D and 3D structures and characterization of the optical properties
With the DLP system 2D and 3D periodic micro-voids were fabricated in a polymerized photoresist (Norland NOA63), as shown in the optical microscopic images in Fig. 3 . The 2D spot array, Fig. 3(a) , is generated using the phase pattern shown in Fig. 2(b) . It was fabricated using a single exposure with 10 ms duration at 4 mW. Through scanning in the optical axis direction, such a 2D dot array can be stacked into a 3D PhC. As shown in Fig. 3(b) the 3D PhC structure with 30 layers were fabricated within 30 seconds, which is more than two orders of magnitude faster than the DLW fabrication of the same structure (1 hour).
The overall efficiency of the SLM is 83%, and the uniformity among the spot intensities is 96%. The average spot size of the 3D PhC is less than 1 µm, and the lattice constant is 3 µm. The transmission spectrum measured with a Fourier transform infrared spectrograph (FTIR) reveals not only the first order stop gap at 3.7 µm with more than 60% suppression in transmission but also a second order gap at ~2 µm exemplifying the high quality of the 3D PhC. . 
Conclusion
We have demonstrated that DLP technique is an efficient method to perform fast parallel fabrication of high quality 3D nanostructures with functional optical properties, for example stop gaps. This technique can also be used to fabricate 3D PhCs via two photo polymerization. Compared with DLW technique, the DLP technique has the advantages of large area fast fabrication without losing the flexibility and high resolution.
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